ABSTRACT Community characteristics have been associated with racial and ethnic health disparities for a wide range of ailments and conditions. Previous research has found that rates of AIDS cases among injection drug users (IDUs) vary by community characteristics. However, few studies have examined whether community characteristics are associated with HIV risk behaviors among IDUs. To address this gap in the literature, we examined the associations between census-tract-level community characteristics and injection-related and sex-related HIV risk behaviors among IDUs in the San Francisco Bay Area. Individual HIV risk behaviors were collected from 4,956 IDUs between 1998 and 2002. Using 2000 US census data, we constructed four census-level community measures: percent African American, percent male unemployment, percent of households that receive public assistance, and median household income. All community variables were measured continuously. Multilevel modeling was used to determine if community characteristics were associated with recent (in the last 6 months) receptive and distributive syringe sharing, multiple sex partners, and unprotected sex risk while controlling for potential individual-level confounders. In bivariate analysis, most of the census-tract-level community characteristics were significantly associated with injection-related HIV risk, while no community characteristics were associated with sex-related risk. However, results from multivariate multilevel models indicate that only percent African American in a census tract was associated with receptive [adjusted odds ratio (AOR)=0.93; 95% confidence interval (CI)=0.89, 0.99] and distributive syringe sharing (AOR=0.94; 95% CI=0.92, 0.99), net of individual-level characteristics. Accounting for individual-level factors in the multivariate model in the sex-related risk models revealed a significant inverse relationship between percent African American and propensity to engage in unprotected sex (AOR=0.95; 95% CI=0.92, 0.99); community-level characteristics remained unassociated with multiple sex partners. In this exploratory analysis, percent African American in a census tract was inversely associated with injection-related risk. The census-tract-level community characteristics we examined seem to exert little influence on individual risk among long-term chronic IDUs. More research is needed examining the influence of other community characteristics that were unmeasured in this paper but might be related to sex and drug risk among IDUs such as shooting galleries, crack houses, drug markets, and availability of preventive HIV services.
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INTRODUCTION
The impact of community characteristics on individual risk behaviors and morbidity and mortality has been well documented and is generally regarded as an important explanation for racial and ethnic disparities in health in the USA. In the area of substance abuse, studies have found that prevalent drug use is associated with demographic and socioeconomic characteristics. [1] [2] [3] Similarly, substance abuse-related diseases such as HIV/AIDS have been found to vary significantly by neighborhood conditions. 4 Drug injection contributes significantly to HIV transmission, yet few studies have examined the associations between community characteristics and either HIV infection or HIV risk behaviors among injection drug users (IDUs).
At present, neighborhood community characteristics have appeared to be a more convincing explanation for racial and ethnic differences in HIV prevalence among IDUs than their individual risk behaviors. 5, 6 Studies that have attempted to examine more precise associations between community characteristics and HIV infection among IDUs have found that income inequality at the standard metropolitan statistical area-level is associated with higher HIV prevalence among IDUs. [7] [8] [9] In a different study, residing in census tracts with high male unemployment was found to be associated with prevalent HIV among IDUs (income equality was not considered in this study). 10 In terms of HIV risk behaviors, a few studies have examined the association between community characteristics and injection-related HIV risk among IDUs. [11] [12] [13] These studies found significant differences in HIV risk by community, 13 by self-reported social disorder, 12 and neighborhood socioeconomic advantage. 11 However, none of these studies considered census-tract-level variances in community characteristics or HIV risk behaviors among IDUs. In general, studies examining racial and ethnic disparities in health outcomes consider population-level outcomes. Understanding racial disparities in risk and the contribution of community characteristics to those risks are not generally undertaken among high-risk subgroups. Yet, it is likely that much of the disparities in health risk occur due to differences in outcomes among high-risk subpopulations. For instance, in the alcohol epidemiological literature, it is well established that African Americans have higher alcohol abstinence rates, yet among drinkers, African Americans have higher alcohol-related negative consequences.
14 In this case, one possible explanation for this anomalous finding is that African American drinkers consume in higher quantities, different alcohol beverages, or in more risky environments. Understanding how community characteristics might contribute to risk behaviors in high-risk subgroups could be vital to attaining our goal of reducing racial and ethnic disparities in health.
Community characteristics that have been identified as potentially associated with health risk include residential segregation, poverty, income inequality, high unemployment, and various other indices of social and economic disadvantage. Because little work of this kind has yet to be published related to IDUs, we consider several common census-tract-level measures of demographic and socioeconomic disadvantage in this study. Our goal is to determine whether these community characteristics are associated with individual-level HIV risk behaviors in a large community sample of street-recruited IDUs in the San Francisco Bay Area.
DATA AND METHODOLOGY
Data for this study come from the Urban Health Study (UHS). The UHS collected serial cross-sectional data on HIV risk and infection from street-recruited IDUs semiannually between 1986 and 2005 in the city of San Francisco and between 1992 and 2002 in the East Bay (Oakland and Richmond, CA). These data have been used to examine a wide range of epidemiological, evaluation, and policy questions over the last 15 years. [15] [16] [17] [18] [19] [20] [21] [22] Recruitment for this study was accomplished using targeted sampling methods, which we have described elsewhere. 5, 23 Eligibility requirements at initial interview included being 18 years of age or older and having physical evidence of drug injection (track marks or stigmata). All respondents were eligible for subsequent interviews at 6-month intervals once enrolled.
Respondents received HIV testing and pre-and posttest counseling and completed a risk behavior assessment in a face-to-face interview with trained study personnel. Data in this analysis consist of 4,956 IDUs recruited during calendar years 1998 to 2002 in the communities throughout the San Francisco Bay Area.
The interview data provided our outcome variables: receptive syringe sharing, distributive syringe sharing, unprotected sex, and multiple sex partners. All outcome measures are based on behaviors in the 6 months prior to interview. Injection-related HIV risk behaviors were measured as yes or no responses to whether respondents had injected with a syringe that had previously been used by another IDU (receptive syringe sharing) or had given a syringe that they had injected with to another IDU who injected with it (distributive syringe sharing). Sex-related HIV risk behaviors were measured as yes or no responses to items on any unprotected vaginal or anal sex and if respondents indicated having more than one sex partner within the last 6 months. For our injection-related risk behavior models, we restricted our sample to those who had participated in intravenous drug use within the last 6 months. Similarly, for our sex-related HIV risk behavior models, we restrict our sample to those who had engaged in sexual activities within the last 6 months. These restrictions reduced our overall sample to 4,589 and 3,742 for the injection-related and sex-related behavior models, respectively.
We examined a wide range of individual level variables identified by previous research as associated with HIV risk among IDUs. These variables included: gender (male or female), age (continuous), education (less than high school, high school, some college, or college graduate), race (white, African American, Hispanic, or other), self-identified sexual orientation (heterosexual or gay/lesbian/bisexual), homeless (yes or no), main income source (paid work, government assistance, or other), currently has a steady sex partner (yes or no), syringe exchange program use in last 6 months (yes or no), HIV positive status (yes or no, based on study testing), and participation in same gender sex in past 6 months (yes or no). * *To account for potential differences between cities (San Francisco, Richmond, and Oakland), we also ran models with city dummies at level-1. We found no substantive differences in the results and, subsequently, present results from models without city dummies.
To examine the association between individual HIV risk behaviors and community characteristics, we used respondent-provided data on the street and cross-street closest to where they reside to link individuals to their census tract of residence. Respondents who were homeless were asked to provide the intersection nearest to where they slept last night. These data were used to identify the US census tract where the respondent lived.
One complication to our community measures is that all tract identifications were recorded using year 1990 census tract identification conventions. Because we wanted to rely on community characteristics measured as close to the time of the surveys as possible, we converted the 1990 tract numbers to year 2000 tract numbers. However, there is not a one-to-one overlap across decennial tracts. This is due to tracts either merging or splitting across decennial census surveys. The merging of two 1990 census tracts into one 2000 tract does not pose any analytical problems; on the other hand, the splitting of a 1990 tract into two 2000 tracts does. For example, if the same geographic area was identified as tract A in 1990 and, due to splitting, was identified as tract A1 and tract A2 in 2000, it is unclear whether a person residing in tract A should be mapped to tract A1 or tract A2. Because community characteristics are based on 2000 US census data, a method was required to assign persons to several probable 2000 tracts from a 1990 tract that had been split. To do so, we made the simplifying assumption that the probability of a person residing in a particular 1990 split-off was equal to the proportion of the 1990 tract population that resided in the split-off subarea in 2000. To continue with our example: if 20% of the population in tract A were split off into tract A1 and the other 80% was split off to tract A2, a person was assumed to have a 20% probability of residing in tract A1 and an 80% probability of residing in tract A2. As such, a number in the range of 1 to 100 was randomly drawn. If the number fell between 1 and 20, the individual was assigned to tract A1; if the number fell between 21 and 100, the individual was assigned to tract A2. This strategy was applied to every individual who resided in a 1990 tract that was split in 2000. Approximately a third of the individuals in our sample resided in 1990 tracts that split.
Using data from the 2000 US census, we constructed four census-level community measures: percent African American, percent male unemployment, percent of households that receive public assistance, and median household income. All community contextual variables were measured continuously. While reliance on census tract data limits the community effects that we can explore, census data has the advantage of allowing us to examine differences between relatively small geographic and population areas. Other measures such as police arrest, social capital, or even income inequality are either not readily available at the census tract (police arrest), not available for the areas covered by our study (social capital), or are not designed to measure differences at the census tract level (i.e., income equality). For example, the Gini Index is designed to measure inequality within a community or country and is not suitable for tract-level comparisons. A similar problem occurs for most measures of residential segregation.
Recognizing that the economic deprivation variables are highly correlated with each other, a composite measure was also examined. We used the average of four deprivation indicators: proportion of 16-to 19-year-old high school dropouts, male unemployment rate, households reporting receipt of public assistance, and femaleheaded households that have been identified as existing in high prevalence in Bunderclass^areas as a global measure of neighborhood deprivation. 24 However, this measure was not significantly associated with any of our outcome variables and is not reported in the tables.
Because our data have a nested structure (persons residing within tracts), we adopt a hierarchical modeling framework to investigate community-level effects on individual HIV risk-behaviors and HIV infection. The clustering of individuals within tracts may lead to underestimated standard errors by conventional regression methodologies if individuals within tracts are nonindependent. The hierarchal modeling framework accounts for the nonindependence of respondents within tracts and adjusts the estimates of the standard errors accordingly. More specifically, we employ a two-level random intercept logistic regression model, in which we conduct separate analyses to estimate the log-odds (logit) for the probability of an individual to participate in each of the four different risky behaviors of interest: (1) receptive syringe sharing, (2) distributive syringe sharing, (3) engaging in unprotected sex, and (4) having multiple sex partners while simultaneously controlling for individual-level and tract-level characteristics. Therefore, while each of our outcomes is measured at the individual level, the risk factors for each outcome will be measured at both the individual and tract levels, allowing us to investigate the way(s) in which community level factors are independently related to HIV risks and infection and the way(s) in which community level factors structure individual-level HIV risk behaviors and infection. Table 1 provides a description of individual-level characteristics of our injectionrelated and sex-related behavior samples. The overall sample (referred to hereafter as the syringe sharing sample) is predominately male (970%), racial and ethnic minorities (960%), with low paid employment levels (15%), high homelessness (50%), and moderate HIV infection prevalence (11%). As compared to the sexual risk behavior sample that only includes subjects that reported sexual activity in the last 6 months, few differences were observed. A smaller proportion of the syringesharing sample had a steady sex partner (50 vs. 64%) and was African American (47 vs. 51%), while a larger proportion was homeless (50 vs. 47%) and had used a syringe exchange program in the last 6 months (78 vs. 75%). These differences are statistically significant. Table 2 shows the means, standard deviations, and quartiles of community characteristics by the sample. For the syringe-sharing sample, respondents resided in 294 census tracts in the San Francisco Bay Area. The mean number of respondents in each tract was 15.6 with a standard deviation of 38.75, reflecting the fact that many tracts had few respondents and several with many. The characteristics of the tracts themselves do not reflect significant sociodemographic or socioeconomic disadvantage. As compared to the national averages, the median household income, percent of households receiving public assistance, and percent male unemployment are comparable. However, in the context of the San Francisco Bay Area, these tracts appear worse off. Median household income for the average tract in our sample is 56% of the Bay Area median household income ($62,024) in 2000. The percent of households receiving public assistance income is triple that of the Bay Area average (9.3 vs. 3.1%), and the male unemployment rate is well over twice as high (11.1 vs. 4.5%). The percent African American is over three times higher in census tracts where respondent reside as opposed to the overall average in the Bay Area (24 vs. 7.5%).
RESULTS
In Tables 3 and 4 , we report unadjusted and adjusted odds ratios for receptive and distributive syringe sharing in the 6 months prior to interview. The results of the unadjusted models for the receptive and distributive syringe sharing outcomes indicate that both tract-level economic (percent of households receiving public assistance, percent of male unemployed) and racial factors (percent African American) have a statistically significant (pG0.05) and protective relationship against syringe sharing. Only the estimates of median household income were not significant. However, these relationships do not account for the compositional differences across tracts. Once individual-level controls are added and the four community-level characteristics are all included simultaneously, only the effect of percent African American in a census tract remained statistically significant. For a 10-percentage-point increase of African Americans in a tract, the odds of receptive syringe sharing decreases by a factor of 0.93 (it decreases by a factor of 0.94 for distributive syringe sharing).
For the unprotected sex model (Table 5) , we found that none of the community characteristics were associated with this outcome in bivariate analysis. However, in multivariate analysis, percent African American was significantly associated with lower odds of unprotected sex (adjusted odds ratio=0.95; 95% confidence interval=0.92, 0.99). A 10-percentage-point increase of African Americans in a tract decreases the odds of engaging in unprotected sex by a factor of 0.94. In our model of multiple sex partners (Table 6) , we found that none of the community effects were significantly associated with odds of reporting multiple sex partners in either bivariate or multivariate analyses. (Running these analyses including subjects who did not report sexual activity did not change the estimate in any meaningful way.) Various functional forms (e.g., log [median household income]) and combinations of variables were explored but did not yield significantly different results. Recognizing that the community economic deprivation variables are highly correlated with each other, a composite measure was also examined but was not significantly associated with any of the outcomes. 
DISCUSSION
In this sample of highly disadvantaged, urban long-term IDUs, few community-level variables were associated with either sex-or injection-related HIV risk. Our most consistent finding was that the African American percentage in a census tract was associated with a decreased probability of syringe sharing and engaging in unprotected sex, net of neighborhood-level economic characteristics, and individual-level controls. No community level characteristics that we examined were associated with multiple sex partners. While the finding that higher proportion of African Americans in a census tract was inversely related to HIV risk might seem counterintuitive, the disproportionate impact of HIV/AIDS on African Americans historically may help explain our result. By 1998, HIV/AIDS was understood to be an imminent health threat to African Americans, perhaps increasing motivations to reduce HIV risk in this population. Both national and local studies have found evidence that compared to whites, African Americans are more likely to be tested for HIV [25] [26] [27] [28] and are more likely to use condoms in steady sex partnerships. 29 In addition, the higher HIV prevalence among African American IDUs and in African American neighborhoods documented in earlier studies in these communities 10, [30] [31] [32] likely contributed to the lower risk behaviors observed here, as IDUs who discover they are HIV infected typically reduce HIV risk behaviors. The combinations of these factors likely contributed to safer drug use and sex norms among populations of IDUs in our samples.
Another possible explanation for lower HIV risk behaviors in census tracts with more African Americans could be that such communities have greater access to HIV prevention services. Over the 25 years of the HIV epidemic, prevention resources have steadily become more focused on the areas and groups with higher HIV prevalence. 33 This general trend may have resulted in greater availability of HIV prevention and drug treatment services in areas where African Americans are more likely to reside.
Lastly, differences in drug preference and attendant sexual risk behaviors might also contribute to this community-level impact. White IDUs in this sample were more likely to use stimulant drugs, specifically methamphetamine. Methamphetamine use has been associated with greater sex-related HIV risk among drug users and heterosexuals. [34] [35] [36] [37] These results should be considered in relation to a number of limitations of this study. First, because there was some ambiguity in assigning persons residing in 1990 tracts that had been split, random measurement error in tract-level characteristics may have biased the tract level effects towards zero. Second, relying on 2000 measures of tract characteristics for individuals sampled before and after 2000 also increased our tract-level measurement error as tract characteristics may have changed during our study period. Third, our analyses used cross-sectional data. As such, we are relying on a single-point-in-time snapshot of a person_s individual and tract level characteristics to explain present-day behavior. However, the social and economic environments experienced in the past may influence present-day behaviors. Cross-sectional data is unable to capture this potential dynamic, and longitudinal data are required to investigate the temporal relationships. Fourth, all individual data on risk are self-reported and may be subject to recall and social desirability biases. However, items used in this study have been shown to have adequate reliability and validity. [38] [39] [40] Fifth, we only considered a limited type of community contextual variables: those available from the US census. Other research has identified a variety of potentially key contextual variables that are not captured on census forms, including type of drug market and drug scene, 41, 42 perceptional and objective measures of social disorder, 12, 43 social capital, and law enforcement practices, among others. [44] [45] [46] [47] Obtaining such data is difficult. For instance, police arrest data, while routinely available at the county level, would be of little use in a census tract-level analysis. Linking local police and county sheriff data to census tracts across the three counties and numerous cities where study respondents resided would be extremely costly. Sixth, census tracts as a unit of analysis may not adequately capture key ecological factors associated with risk in this population, as has been pointed out elsewhere. 48 Research that provides more detailed neighborhood analyses and comparisons may be more appropriate for identifying community effects. 5, 10 Lastly, the high proportion of homeless individuals in the sample may impact study findings because the areas where they spend most of their time are likely to change or because community context is less likely to influence their behavior. Analyses of the sample using only housed respondents did not alter the results substantively.
The increasing interest in how social, economic, and physical structure shapes HIV risk among IDUs is vital to preventing the spread of HIV in the USA and elsewhere. 49 These data contribute to this knowledge base and indicate that simple measures of community context may shed little light on the specific macro and micro features of a neighborhood that contribute to risk among IDUs. That is, more proximal measures of risky drug use and sexual practices such as the presence of prostitutes, shooting galleries, crack houses, and drug markets may be more meaningful in understanding HIV risk behaviors, prevalence, and incidence among drug users in the USA. Similarly, the community-level impacts of various prevention programs should also be explored more thoroughly. More research that considers both risk and protective factors at the community level is warranted.
